Background and Aim: Thyroid is one of the endocrine glands, (T3 and T4) play a significant role in the development of prenatal brain and the following stages. The study aimed to evaluate the effect of hypothyroidism on the amount of expression of NT4, NT3, nerve growth factor (NGF) and brain-derived neurotrophic factor (BDNF) in brain of one-day rat neonates with hypothyroidism.
Introduction
Thyroid is one of the major endocrine glands, hormones of which include triiodothyronine (T3) and thyroxine T4 (Wagner et al., 2008) . These hormones play a major role in regulation of basal metabolism, as well as brain growth and development in utero and in the following stages of life. There have been no justifiable reports on synthesis of thyroid hormones in central nervous system (CNS) cells. In fact, the only resource for thyroid hormones for fetus before the activation of its own thyroid gland is maternal thyroid gland.The maternal-fetal thyroid interactions decreases after the activation of fetal thyroid gland in the 16th day (Pérez-Castillo et al., 1985) . Thyroid hormones are necessary for development of brain functions, such as neurogenesis, neuronal migration, differentiation of neurons and glial cells, myelination and synapse formation. Activities of thyroid hormone are mainly related to T3 involvement with core receptors, regulating gene expressions. In other words, expression of the majority of genes is directly or indirectly regulated by thyroid hormone (Navarro et al., 2014) . All maternal-fetal thyroid interactions are made by Oatplc1 and MTC8 carriers, which are highly expressed throughout the nervous system and can pass the blood-brain barrier (Muller & Heuer, 2014) . A part of T3 thyroid hormone in brain is obtained from general circulation, whereas the majority of the mentioned hormones are observed with T4 in astrocytes. Studies have shown that T3 thyroid hormones cause the release of brain-derived neurotrophic factor (BDNF) and nerve growth factor (NGF) neurotrophic factors through affecting astrocytes. The neurotrophic factor of BDNF plays an important role in neural guidance, transcription of certain genes and exiting the heterochromatic mode (Gilbert & Lasley, 2013) . Therefore, the major effects of thyroid hormones are on neuron differentiation through affecting the development and separation of glial cells, especially astrocytes. In response to the impact of thyroid hormones, astrocytes differentiate some of the growth factors and secrete ECM components, providing an appropriate platform for neurons (Ringstedt et al., 1998) . According to the literature, Methyl MercaptoImidazole (MMI) is a suitable medication for treatment of hypothyroidism through inhibiting the synthesis of thyroid hormones in thyroid gland (Cooper, 2005) . On the other hand, neurotrophins (NTs) are one of the protein familiesy, regulating the growth, maintenance and apoptosis of neurons during their development, as well as damages to the neurons (Ceni, 2014) . These components in mammals comprise NGF, BDNF, NT4, NT3, which was then called NT5 (Skaper, 2012) . Given the notes mentioned above, the aim of our study is to evaluate the expression of BDNF, NGF, NT3 and NT4 genes in the brains of neonatal mice with hypothyroidism.
Materials and Methods
The research was conducted on 25 white female albino NMRI mice weighing 30 gr provided by Pasteur Institute of Iran. Each five mice were kept in a cage in controlled conditions (e.g., temperature and light) with access to special food and in the special animal room for one week before the experiment. Prepared for fertility, the female mice were mated with male mice. After the confirmation of pregnancy and formation of vaginal plaque, samples were randomly divided into three groups of control (pure water), low-dose intervention (low dose of medication) and high-dose intervention (high dose of medication) from the second half of the fourth day.The control group received pure water during the pregnancy period, whereas the low-dose and high-dose intervention groups were administered with 20 mg and 100 mg of methimazole powder (provided by "Shimi Daroo Co."), completely dissolved in 100 mg of drinking water, respectively. During the pregnancy period, a suitable and controlled condition was provided for mice.
1-Sampling and Measurement of T3 and T4
After delivery, mother mice were anesthetized with ether and dissected. Blood samples were obtained from inferior vena cava using syringe. After centrifuge and preparation of hematocrit of T3 and T4 amounts, serum was measured and analyzed using ELISA kits (manufactured by Padtan Gostar Isar Co.).
2-Dissection of brains of one-day neonate mice
After complete disconnection of head of the animals from their bodies, special sterile scissors were used to cut the upper part of the heads. With minimum amount of damage to brain tissues, the upper part of the skull was removed. In order to prevent the interference of results, new sterile sets of surgical tools were used for each animal. The whole brain was removed from the skull and immediately transferred to liquid nitrogen and kept in -80°C until performing the additional tests.
3-Brain Preparation for Evaluation of NT4, NT3, NGF and BDNF Gene Expression and PGK1 Gene was selected as the reference gen
The amount of gene expression was relatively measured, using the following procedure: first, the frozen brain tissue was taken out and turned into powder using liquid nitrogen. The obtained powder was put in 2ml micro tubes and applied to perform the RT-PCR process (Realp-Pce2x Master Mix Kit-Ampliqon, Denmark). In addition, specific primers were designed applying oligo7 software, followed by their synthesis in "Gen Fanavaran Co.". Table 1 shows Properties of used primers in Real-time PCR reaction in the next stage, Ct value was analyzed using 2 -∆∆C Levick model, followed by the assessment of gene expression with respect to the normal group. Data analysis was performed using one-way analysis of variance and Tukey's test and the values expressed Mean ± SEM. In addition, P-value of less than 0.05 was considered statistically significant.
Results

1-T3 and T4
Evaluation of blood serum of mice in the control group revealed that the amounts of T4 and T3 were 27 and 1.85 ug/dl, respectively. The mentioned hormones were 8 and 0.85 ug/dl in blood serum of samples of the low-dose intervention group, respectively, indicating a significant reduction, compared to the control group (P<0.05). In the high-dose intervention group, the amounts of T4 and T3 were reported to be 6 and 0.75 ug/dl, respectively, revealing a significant difference, compared to the control group (P<0.05). (n=8) Significant difference with the control group (P<0.05), no significant difference between the lowdose and high-dose intervention groups 2-Results of Relative Evaluation of NT4, NT3, NGF and BDNF Gene Expression After the assessment of the amount of expression of these genes using RT-PCR, it was demonstrated that expression of BDNF gene significantly more decreased in low-dose intervention group, compared to the control group (more than 50%). Similarly, significant reduction was observed in the high-dose intervention group, compared to the control group. Similar results were obtained for NGF and NT3 genes.
In addition, reduced expression of NT4 was about 0.1 and 0.06 in the low-dose and high-dose intervention groups, respectively (P<0.05). (n=8) Significant difference with the control group (P<0.05) Figure 6 . Effect of methimazole on relative expression of NT4 (n=8) Significant difference with the control group (P<0.05)
Discussion and Conclusion
Thyroid hormones play a major role in early events of brain development, such as migration and differentiation of neuronal terminals in neurons and glial cells. Thyroid hormones are extremely important for neural migration in cortex, hippocampus and cerebellum. Moreover, thyroid hormone is involved in the early phases of cellular migration from external germinal layer to internal germinal layer, causing delay in the migration of granular cells (Fauquier, 2014) .
Studies have indicated that hypothyroidism leads to delay in creation and weakening of myelin (Balazs, 1969) . Thyroid hormones have an important role in differentiation of oligodendrocytes and cause defects in axonal maturation . Evaluation of culture of fetal neurons revealed that thyroid hormones play a role in regulation of gene expression in fetal brain in utero (Sinha, 2008) .
In the cerebral cortex, thyroid hormones control the genes involved in cytoskeleton biogenesis, neural migration and growth and neuropathy sprouting (Navarro et al., 2014) . Furthermore, thyroid hormones control the expression of many genes that code proteins differentiated at cellular terminals, including cell cycle regulators, cytoskeletal proteins, neurotrophins and their receptors and extracellular matrix proteins (Wood, 2002) .
Some impacts of thyroid hormones in differentiation and survival are controlled through the expression of neurotrophins. Reaction between thyroid hormones and NGF for growth and maintenance of cholinergic neurons in the anterior base of the brain is of paramount importance (Gould & Butcher, 1989) . Changes in NGF and P75 were reported after hypothyroidism (Alvarez-Dolado, 1994) . In cerebellum, thyroid hormones control the expression of NT3. In culture of cerebral granular cells, thyroid hormones control the differentiation of Purkinje cells by intermediating of NT3, created in granular cells (Lindholm et al, 1993) .
In the present study, it was demonstrated that female pregnant mice with induced hypothyroidism by Methimazole, gene expression of BDNF significantly decreased in neonatal brain, compared to the control group. In addition, expression of NGF and NT3 and NT4 neurotrophins significantly reduced, compared to the control group. In conclusion, both low-dose and high-dose intervention groups experienced higher levels of reduction in NT4 (0.1 and 0.06, respectively), compared to the control group. It could be suggested that thyroid hormones play a role in the expression of the mentioned gene, and any reduction in these hormones could reduce gene expression in brain of infant mice with hypothyroidism. 
